Platelet Adhesion to Keratin Biomaterial Hydrogels under Physiologic Flow Conditions  by Sigley, Justin L. et al.
Tuesday, March 8, 2011 489aExperiments were conducted at room temperature to measure binding without
activity, at 45C to measure binding near peak enzymatic activity and at an in-
termediate temperature. Binding data, in the form of fluorescent images was re-
corded using time-lapsed fluorescence microscopy with images taken at defined
intervals for a period of four hours to ensure saturating conditions. Kinetic bind-
ing curves were established for mixtures of these two cellulases at each temper-
ature to observe the effect of temperature and hydrolytic activity on cellulase
binding.
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Cavitation Damage in Thrombi Under High Intensity Focused Ultrasound
Hope Weiss, Golnaz Ahadi, Thilo Hoelscher, Andrew Szeri.
Stroke is the third most common cause of death in the United States, with
about 87% of these being ischemic. Recent studies, in vitro and in vivo,
have shown that High Intensity Focused Ultrasound (HIFU) accelerates throm-
bolysis, the dissolution of blood clots, for ischemic stroke. Although the mech-
anisms are not fully understood, cavitation is thought to play an important role
in sonothrombolysis. Acoustic cavitation is typically divided into two cate-
gories describing the bubble behavior: stable cavitation describes bubbles un-
dergoing smooth oscillations, while inertial cavitation is characterized by rapid
growth followed by violent collapses. Possible mechanisms associated with
both stable cavitation (i.e. microstreaming) and inertial cavitation (i.e. micro-
jets) are thought to increase clot lysis by enhancing the delivery of a throbolytic
agent.
The damage to a blood clot’s fibrin fiber network frombubble collapses in aHIFU
field is studied. The region of damage of the fiber network caused by a single bub-
ble collapse is estimated and compared with experimental measurement of the
damage.Two independent approaches, a strainbasedmethodand an energybased
method, are used to investigate the mechanical damage to the network. Immuno-
fluorescence fibrin staining is used to assess the region of damage experimentally.
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Transport Processes in Vaginal Films that Release Anti-HIV Microbicide
Molecules
Savas Tasoglu, Andrew J. Szeri, David F. Katz.
A promising method for blocking sexual transmission of HIV is application of
topical microbicide molecules to mucosal surfaces and the fluids contacting
them. There is widespread agreement thatmore effective and diverse drug deliv-
ery vehicles, as well as better active ingredients, must be developed to increase
microbicide efficacy. There is now great interest in developing a variety of de-
livery vehicles to suit the preferences of a diverse group of users. These include
intravaginal rings and dissolving films, as well as the original microbicide gels.
Here, we develop a mechanistic mathematical model of the dissolution of a mi-
crobicide-bearing polymer film, and subsequent distribution of its active drug
throughout the vaginal lumen. The film dissolves by first imbibing (or taking
up) solvent (vaginal fluid), whereupon its material structure changes in a way
that frees individual polymer molecules in the film to move. In the model, the
polymer structural relaxation via water uptake forms a two-phase, glassy-rub-
bery system in which interfacial movement follows Fickian (i.e. diffusion dom-
inated) dynamics. However, at some intermediate time the interfacial motion
ceases to follow Fickian dynamics, due to viscoelastic stresses in the polymer.
As the glassy polymer transforms into a rubbery polymer, drugs carried within
the film are freed to move throughout the relaxed network, and begin to diffuse
through the vaginal lumen in all directions, especially laterally between the ap-
posed vaginal walls. Therefore, as the initially fully glassy polymer matrix re-
laxes to a two-phase, glassy-rubbery system, the governing diffusion equation
is simultaneously solved to track the motion of released drug molecules in the
vaginal lumen and model the drug delivery. This is the first mechanistic model
of how a vaginal film releases microbicidal molecules to neutralize HIV virions
and inhibit transmission. [Supported by NIH AI077289]
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Probing the Directional Structure and Intracellular Microrheology of
Vascular Endothelial Cells
Kathryn E. Osterday, Manuel Gomez, Jerry Norwich, Shu Chien,
Juan Carlos del Alamo.
Vascular endothelial cells remodel their cytoskeleton in response to blood
flow. As a result the directionality and the rheological properties of the cy-
toplasm change. The magnitude of these properties is important because it
sets the level of intracellular deformation in response to stress. The direction-
ality of these properties is equally important because it allows the cell tomodulate the stress-strain relation differently along different directions. We
aim to elucidate the relation between the structural organization of the cyto-
plasm and the directionality of its rheological properties by 1) measuring the
local orientation of fluorescently labeled intracellular filaments and 2) deter-
mining the local directions of the maximum and minimum intracellular vis-
cosity. We measure the viscoelastic properties of the cell by using Particle
Tracking Microrheology. The current formulation is based under the assump-
tion of studying an isotropic fluid, what is not adequate for the cell cyto-
plasm. We studied the drag force experienced by a microsphere in an
anisotropic viscoelastic network (the cytoskeleton) permeated by a back-
ground liquid (the cytosol), in the limit of strong frictional coupling. By solv-
ing this problem analytically, we provide new closed-form microrheology
formulae that relate the Mean Squared Displacements of the particle mea-
sured experimentally to the anisotropic properties of the network. Tracking
the random motion of endogenous particles in 2D and applying these novel
microrheology formulae provide measurements of the directional intracellular
viscosities. Our results indicate that the local viscosity is lowest along the di-
rection parallel to the filaments and that the viscosity in the perpendicular di-
rection is approximately 5 times larger. Under these conditions previous
microrhelogy methods that assumed Stokes drag for the particles have errors
in excess of 500{r%}.
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Platelet Adhesion to Keratin Biomaterial Hydrogels under Physiologic
Flow Conditions
Justin L. Sigley, Ma´ria Bahawdory, Roy Hantgan, Mark Van Dyke,
Martin Guthold.
Keratin biomaterial-based hydrogels have demonstrated hemostatic character-
istics in animal models. However, little is known about the mechanisms con-
tributing to these properties. Platelet adhesion to keratin appears to be
mediated by b1 and b3 integrins in static adhesion assays. However, these as-
says did not replicate physiological flow conditions where other factors are
known to play a role.
In this study we investigated how keratin biomaterial hydrogels influence plate-
let adhesion under physiologic flow conditions. The goal of these experiments
was to quantify the adhesion of platelets to the surface of keratin hydrogels and
determine which integrins are involved under physiologically relevant shear
stress. Whole blood was taken from healthy volunteers and the platelets fluores-
cently dyed with mepacrine. The blood was pumped through a flow chamber
situated on an inverted fluorescence microscope. Digital images were recorded
every 15 seconds for the duration of the experiment and the number of adhered
platelets counted. Results show that keratin biomaterial hydrogels promote
platelet adhesion in numbers similar to collagen controls.
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Biocompatibility of Single Crystalline Ferromagnetic Shape Memory
Films for Cell Actuation
Mareike Zink, Yanhong Ma, Stefan G. Mayr.
Ferromagnetic shape memory alloys (FSMAs) have received great attention re-
cently as an exciting class of smart functional materials. They exhibit large re-
versible strains of several percent at moderate stresses due to an external
magnetic field induced reorientation of twin variants in the martensitic phase.
External controllability at constant temperatures and sufficiently high strains
thus make them excellent candidates for biomedical actuation devices, such
as surgical implant materials, applying for bone prostheses or drug delivery sys-
tems. In comparison to conventional shape memory alloys, FSMA bears the
significant potential for miniaturized devices for single cell actuation which
is capable of yielding magnetically controllable shear strains and/or volume di-
lations of several percent, thus perfectly matching the requirements of cell in-
vestigations. However, the biocompatibility of this material must first be well
confirmed as it has not been done yet. Thus, our work focuses on the interaction
of fibroblast cells with single crystalline Fe70Pd30 FSMA films on MgO sub-
strates. Additionally, corrosion resistance of the films was obtained employing
simulated body fluid (SBF) tests. Calcium-phosphate aggregates with granular
microstructure were detected on the film surface after soaking in SBF. Cell vi-
ability and biocompatibility tests with NIH 3T3 cells revealed that the cells ad-
hered and proliferated on the surface of the FSMA, whereas cells were smaller
compared to cells on culture dish surfaces. Biocompatible polymer coatings on
the Fe70Pd30 film can be employed to improve cell proliferation and cell-
substrate interactions.
